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(54) GENE DNA CODING POLYPEPTIDE HAVING NIT RILE HYDRATASE ACTIVITY AND TRANSFORMANT 
CONTAINING THE SAME 

(57)Abstract: 

PURPOSE: To provide the title novel DNA to be used for building 
transformant capable of producing polypeptide having nitrile 
hydratase activity even for aromatic nitrile hydration. 
CONSTITUTION: The objective gene DNA having (A) subunit n(H) 
having amino acid sequence of formula I and (B) subunit n(H) having 
amino acid sequence of formula II and coding polypeptide having 
nitrile hydratase activity. The present DNA(H) can be isolated from 
Rhodococcus rhodochrous J-1 (FERM P-1478). 
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1 

im&m i ] mmm^ 1 wzrz.— ? f a « a > atxsa 

2 y F /3 1 ■ 1 (D7 5 J KEM«* b=. 

F'j;Pfc P5*- J KStt&*-rs#>J^^Fi£n— F 

[fflfjfcJfi 2 ] 623*J#^ 3 ©-9-^ a— »ha 11 ' Steffi 

fjs^ 4 <ot^a= s» F /s ' L » «57 s y fteafett br: 
•r-5jae^DNA <Li . 

tt#9l 2 15«C0 jftfe^D N A ! 1 > . 
im&mSl a^l~4iBS©Hjgg J 3 L DNAXH 
L fflg^D N A £^ * * - iZt&fr&Ajfcm.&Z.&D N 
A. 

[^*JS6] »*JB5IH»om^*DNAT?^Hfe 
b, &i£<8)friE>— MJJUr H7^— y$83tt5*t5 

[iS*JS9] tt^6ett<D#mBa*e«ttU ft 

[fS93©i¥Sffl&ifc93] 
[0 0 0 1] 

L*ji±o*iffl»m *»wta a f*d 

■7 X(Rhodo- coccus rhodochrous) J — lftlcA&b. 

^Fu^sssfis-rsrs Fac3g»-r-5«**^rf * 

HnififDNA, JKODNASr^-tj'ffllft^DNA 
[0 0 0 2] 

* £js $ « 5 mm ttn F ij 5 — tf * fc »i- F U ;i/ t F 5 

anjt7 > m&&7l'}£>WrWJ*m (4$&B862-21519 

, 3ij^ni7fUCAJ!4W/A;p^7M 

(^1)356-17918 Ef4i$8#JS) . S'n.- HttXl Oft 
^Ba59-37951-^^#flg) RtfD Fn y#XJS, 7)17. 

un>j*?- m&zfs. zunzj-wkm (#BHsa6i-i92 

193 n'jkm&W) > S^DKay^x. DF^D^X 



(2) ftBfl¥4-2 1 1 37 9 

(#ra¥2-47o *»afa#ro) &<nm£.fa&mvfz> zL£& 

[0 0 0 3] 

[%iq»s«ifeLJ:5 t-TSlSS] Se^meAC035^-C 
9u- XtStifcnFlUVb F^^—iffie^ fc«fcS=. 
F 'J JMg©*?tn?li. ffl#rtic|siae^^afc:-#ft 

[0004] cojte^a^^jfeicgib, pKn^* 

20 Xsp. N-7741* «&IBf<£^fgl936-^) fc**U = F 

FU^b — WSte&Wr StfU'V/^Ffca- F 

-r siteTD n a iz&z>mynfi9i\z*&yim<D— a s k 

£.r?Xm&2nT^2> (4$KHB63-202779^) . #?gl53 

se,tc^S^FU;v«»*fntt»bTt>g*TiS 

Vi- F'J;l/tF5^— lf«#.*Wr^P Fn-y*X D 
F^D^X J - 1 #clMf2»W ¥2-470 ^?8g24E^^ 
— F 'JJl/fc F7^ — tfflS-l4S*-r ') F *3 - 

29 iS^^DNAtb. ££fc»£W;:«m*te»bJgS5£ 

[0 0 0 5] 

[sis^ft-rsfciei^a] i&ms., 

1. jE^IS^-l (O-S-^rL-y F a ' « ' RCXiE?iI#-^ 2 «) 
■y-^n.-^ F j3' B> 0)T5 /KiaiFJ^^rbr: h UJl/fc F 

9 ^— fef»iis*-r-5# u f F-r^«e^ 

DNA : ". 

2. Fe^l#-^-3 (D-*^a->y F a n - , RWTS^#-^4<0 

D-^a-y F/3 (t, 0DT5/g?ia^^*b^F'J;l^t F 
5(7 7^— tfSttS^-r-5^'J'<^F?£P-F-r-5JtG-T 
DNA <1) . 

3 . v F a 1 " > y F /3 ' E ' tftii&m 
^ 5 Rt/SBM*-^- 6 ©DN AE?iJS:5g-r S 

IS 1 !2«©i6^T D N A< " \ 

4. -y-yaL-y F a ( 1 > St/t-y-^a.- y F 0 ll >WR&m 

n 7 Ritmpm^ s wdn ASHjij^^rrs±iB 2 s«« 

IgfDNA'^, 

5. ±iai~4fa«roHJSeTDNAXtiL3a-eTDN 
A*-^^ ^— tC^a*a:^fc*ffi©Afl:DNA. 

8. iiaeiamw^se^^Jftic^L. f§.^n^ 

^ F U )V t F 7 ^ — if cof^ffl lc<t 0 n F 'J ^^Ssf.tSf 
-573 FSC^m-r-673 F^CDMii}*, 

9. ±W2 6Ba«OT^Kfe|ft#:*^b, ^ens^Sfe 
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3 

t&mmmvrzu F3*#x pf^p^xj-i <«x 
mj;hsk?*— « (H»*tLii*tof»r*. ) & 

^ 7 7 ^ - ^T^ 2 O 7 h (a, 5) £ 

#f8-T5o fit, Cft6©*^azy h<z>N*S5or 
3/BEHM)— S75/BE5«ttEJII» 

(2) nMJjlffc F7^-ifcDDNA:/n-:/<Z)f£§J : 
*»^fc^V>Ttt.Wfe»HPB63-202779^«l»iB«l© 
nH^y*^ sp. N-774«eC0— hu;i^t F9*— K©0 

*Vi*Wtt**UfcCiJ:D» R9ni!#Eft®&X1E& 
#JM105/pY0K121(«XW**»1937^) £fflV>T, DN 
A7a—7(Dfc&&ftr)tt a Tftt)%, ig«Jg®L*:pY 
UK121 S^*T*»Hte»<fcfrSpYUK121 SttfflU * 
©tl:*Sn5DH3^*7 sp.N-774 »ft*O^HJ 

(3) -MJ^fc K7>-if»fl*DNAt*tfDNA 

•if— v-a>ffi [Southern, E.M., I. Hoi. Biol. 98, 50 
3(1975) , KTR*] fcJ:0BWjtfiT***-r-5DN 

[ooo7] :<^igT> ^n-?t/w yg^-f XT 

(4) »fi#DNA»M^^:*-^©# A : 
X8(3) fli«L&Sltt#DNA|ffrttWn^* 

(5) fl»R4Eft#cof^«KCAHtt N A <7)jSS'i : 
IS(4) -CBIllL&fflttiLflcDNA^-f ^5U-lCiS 

Bruce Wallace, et at., Nuc. Aci. Res._9_, 879(1981) 
. HTBSB H«fcDSW©«*l>tffDNA*$trJBfl 

fc«fc?K aaMUM.*DNAa>PfttB«fr-9. 

[0008] aai*n&a»o^xs f&&* p nhji 

OH&tf pNHJ20L£ffcT£<, 

(6) ««A»DNAa)«IS£:«IBK9RttH<Df^jBfi : 



(3) 4$g|5p4- 2 113 7 9 

11(5) Tf#6tlfc pNHJIOH&tf pNHJ20L£*§§iL,fcg£ 

(7) jaSffi*l©ft* : 

XS(5) -cmZtlfc pNHJIOH&tf pNHJ20L<2ffii*EiJ&tf) 
fteftDNABr«-^&^FSaK»SKIB»*«:fflV^T»* 
U #&nfcDNAKJt<o£&*EJ« (B9HM14. 1 
5) fc*«U ISU) -eftSUcTSySE^S^ 

18(5) ~Cf£& LfcfIK«ft U . iWc^h 
BWSi«*U 75 FB*3iri63tfS. 

[0 0 0 9] PF3>y#X PF^D^X J- 

1 t*tt»XWfc«X«ft«B1478^(FERM BP-1478) t L 
T» RtfXS(5) TteBUfc pHHI10H***-r*»A« 
&#TGl/pNHJ10H ti^IWC&I§ff£3F?g2777-S§ (FERM 

BP-2777) tl/TS&BC< XS(5) Tr£§SLfcpNHJ20L 
a? *$WTS»H«iSl*TGl/pNHJ20L tt«XWfc«XWft 
^312778^- (FERM BP-2778) <h L TUfE £ tVC V > £ 0 

[0 0 10] JilEXgTfla^^^^^-i:UT}i 
/77^ <«Atf PAT153, PMP9, PHC624, p 

KC7 3?) . 77-^^ («*«Agtll (JfCffSSS 
tfcffll), Charon 4A(Amershaa*hS!)Sp)a)V^n ! fo^^i 

phi .Sal I . EcoRI , BamH I , Sac I ITe<5 0, cn^te 

30 JM105**»*Wi E.coliTGl t*3&t*jf sn*30^ EMCd 

[0 0 11] »Sli«|#:<DS3tlCffl^iSSP»Jiil«co« 
ftj^«^6n5. ~FUJW6W>7 5 K^OJE&ICH:. ± 

ft ^fig-r S 4 -10<Z)3Sr*Rn h U ;Wi3 J: 

OT^.«4- 3-*J:tf2-S/T/ KU ^>»/-hU 
)K 2,S-y7**D^>^ mj;k 2-^^^^>^;i/ 

th-N U;i/*3cfc^3-b HD+^DWzhU;Pfti # 
[0 0 12] «T> *M«lfcJ;Di¥fflCKMr5. ffl 

V>. 9HMlz«V)TTE0)KBftM^&. 
5(7 TE : Tris-HCl (lOmM. pH7. 8) , EDTA (lmM, pH8. 0) 
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TNE : Tr i s-HC 1 (50mM, pH8. 0) , EDTA(lmM. pE8. 0) , NaC 1 (50m 
M) 

STE:Tris-HCl (50mM, pH8. 0),BDTA(5mM,pH8. 0), SucroseO 
5mM) 

2xYT 1.6XHJ7h>, 1. OKBSX**, 0. SXNaCl 

[0 0 13] 

OH3y*7 aHJoi>7 J-lft^i (*Sx 
=^X3g/L, EH2PQ4 0.5 g/ L* K 2 HP0<0.5 g/L,MgS04 
•4&0 0.5 g/L.CoC! 2 0.01g/L> ^nh>T*F3g/ 
L, pH7.2)K28lCT80WBJ#«Lfc«,, SSL, 

mm <5ag>**f*u m&»mv* mmmm^vx±m 

DEAE • "t^DVy^f >^ DV h^77>f — » 

:7ccx;V - t77n-X^nYh^77-i'- J tr7r : r 

(Senshu Pak VP-304-1251) [ («) ir>V3.03R#SD 
SfflV>T— ^©U-^any h (a, 0) fc2BU*:. £ 

j3i ;E >. ai <l J, ^75 7®y"^>^ (T 

y^-f F/t-f ^X^AttSJ 470A J *«^T**b 

[0 0 14] ^<DT$/RP3?iJ<Ott*ttiek##9— 12 

(2) r.h»j;i/t H^^-if^DNA^D-ycDf^Sl : 
PYUK121 £^Wf£E.coli JM105* (fltXtt*4F!Bl937 
^)*2xn(50/£8/mIT>fcr^ , J>* 3 fiT) 100ml-C30 
•C^r-* (121*10) *3£&, «tf UttBfett&MEini 
U STE* 8 Ml , U V^—A £ lOmgiP X > O^CT? 5 #MSJS 
0. 25M EDTA4mllE^T, 3Efc*fiT10K SDS 2m 
I. 5M NaCl 5ml 0 — 4 < CT 3 NfKJfcB Lfco 
*n«fifi'frU -t<&±a*lC30*<DPEG6000 *l/2 3 

sanA, o-4<c-?-& (i2WpW) mu »flssr.&b 

fcftTNB IC*#LT7. 5ml tU CsCl£»I;LT»i>l>T 

Ntsaft. Aibx^^MM^aoo^BOOv/BijtoA 

TETSflfU IS^Lfcy^X^ HPYUK121 *$3ml 

[0 0 15] £tf)pyUK121 £BIK#3fi Sph It Sal IT? 
«JWU fl5«b&aHny*x sp.N-774 flc*&<E>x b 

U;l/t F^-^»£?£^fr2.07kb<Z)DNAKJt£fci 
"WU :/n- Lfco ft*, ^cd^u-^od^ 
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(3) -hiJ;Vt H 5 ^-if^feff D N A *^tf D N A 

DF3y*7 DHJPW J - l*fe*«» (SOlO 
— XlOg/L* KH 2 P0< 0.5g/L, K2HPO4 0.5g/L, MgSOi • 
7H2O O.Sg/L.gfSX+X lg/L, 1?b> 7.5g/L, C 
oCl* 0.01g/L.R*7.5g/L, 4fU5/>lXXttT>K 
*>U> 0.2/tg/nh *1L, pH7.2) lOOmHCtfiBLT 
JMTU TNET!»»«, TElOmlfcflHBU 0. 25M 
i0 EDTA4mh U A10-20mg. J^D^ynfJ- 

-tflO-^Omg&tflOXSDS lOmlfeftl^ 37<CT 3 R$M£fcB 

bfc. ^ic^jcy-^^ismiJaA, ^S~ei5#BB;ttB 

AJS8K0. 7mKi>x^;i/X-^;W^Jn^3S'i>b^<D±^ 

«r»T»TJH^2«pac?>X^y— ;VS:llIlA* ffTDNA 
£ig#«tofco cn&TE : X*y — Jl, (#«Jt) : 
8, 1 : 9&tf0 :10©#«iKK5»iai^^fcU 2 
— 4ml COTE (37t:) lC***l/»37*CT? RNase A^Ti CDS^ 

2^*10 ml in Afco ^^^xy-^^^Siinx., m&Vk 

S&^T, T@^^DD*^A^il>fi^Jn3Lfc2 LCDTE 
T?-BfcS*TLfco MtC2@@C3!>a«f^3-4^m*HtT 
tfV^ a»fe#DNAgS*54iDl$»^ 

[0 0 16] a»fi#DNA««15/£Lfc«H» 
^SacI 2m L, KB*ffi](S«^(10f&«^) 3uLSt/ 
TE 10^L4JUA37 < CTl^fflSi6$-&fc^ TitV— 
xy^«»*»(60V.3B»IB) fttlg(2) 

1?-->3>^ff-3fco *<DIB3R» 6.0Kb«i: 9.4KbcD{4fi 

[0 0 17] ^dT, ffl^e^DNAgraiSML^fljS 

2:H«MtkTMNM Sac I T?«WLfc«. T^n- 
*y/14t»iM»«fT^ 6.0Kbt 9.4Kb^)DNAKfM*<£ 

M NaC104?S«feJDAT^I»fl:L&«, 6mm gCOGF/CteJS 
(Whatman©) 0±lCDNA*»«PS*> *ViT6M NaCl 
O^^WTE IOOmLStIO®, MtC95%X^y~ ;i/ lOO^L 
^10[BlSgTb, 35>B3a«;^ii:fco *UT. ;in£ 0.5 

47 t:, 30»HftBUfc», a^bT*CD±a*»40a 
-tf^fe^DNA^^O 6. OKbDN A&fM't 9. 4KbD N 

[0 0 18] *©*ISOft#«!IH: 6.0KbDNA®ritOD 
Mfiifi^^- 9.4KbDNA»r>i-CDS'&t)In|^Tfe^o 

(4) »fe#DNABffr©^jr^— ^©»A : 
^7X5H PUC19 IOjx LIC^b,SiJK»*Sac I 2/x 

L, MP^jfl3S®?S a0i»»«)3iLtLatfTE10uL«JP 
5(? ^30*0^ 1 ttBEJKa-a'v *1C 0. 25MEDTA 2 u L ^^iiD 
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bT£/£ft<h£>> ^£1M Tris-HCl(pH9) ft7/*L, 
BAP(MSttT;^U*X^T^— tf) 3MLUDAT65T; 
T?1»BIKIS**&. -tile TE ftjQ;LT:£#ft 100m 

110/iLtX^/-;V 250/1 LftiD;L, -80t:-e30#4fc 

[0 0 19] Sac I XWmV. BAP $531 L£: p 

UC195 /iLtIi(3) T-lHlJKLfc 6. OKbD N ARfrSS 
40^L^ffl^L, *K8«S£6uL* 6mg/ml ATP?g*&6 
IL LK.I/T4-DN A U H — if 3 i± L <L£:lflI;*-* 4 C CT— 
£ <12i§fW) S^Stir^CtlC<koTeW5te^&^ 
T£ 6.0KbDNAH?rtf-ft pDC19fCff rALfcS&&A{fc:? 9s 9 
K*560tf LSffSlLTDNA^-f :/*U — ilfc, 

(5) JggfegMt^fPS&Z/aftitfrD NACOSY: 

E. coli TGl^UmershamfrJD «r2xYTiS»10Blfc3rCT?« 

U 371CT7 2^WiSHUfeo *UXSiL^aa, » 50m 
U CaCh BtteSallDJU 0 < CTT40»JW1*» MBftfr 
Lt^ 50mM CaCli ««0. 25nlXWXS(4) ^^S8L 

l CT40dlkBtt* 42 < CT?2#|«fc — h->3 7^&M0 
■CTS^glt, 2xYT*gifelOmI ftta*., 37^^90^ 
St^i&SLfc^, BAJMrUfc. imtd2xYmift 1ml 

-DT>\±2sV >50ug/ml^2xYT^S^2 3/1^— Ml 

#au 37 < CTJ8*Lfc. fit, yu-h±»c^firb 
fcfi£5t«5«*n p ~— £n /vf :/U y*f if-5> s 

TDNA*H3ei>fc», ein^xg(2) fPScO^D-^ 
A£^irrm---£S&i,/io Klc, ^oSiRUfcrin 

(6) fflMft^X^ Kattt^lMMHIMtHOftz 

11(5) TB«Lfc'*Hte***2iYT (50*ig/n)i7>1f 
v-U >-&W) LOOnlfrMUU 37<CT?— * (121$ 

IB) JfcBU THE ftaD*.??***U STEftSm 

U U V^-A£lOmgjto*., or^S^raS^^ii, 0.25 
M EDTA4ml^IP^T, ElcSfiTflOX SDS 2ml. 5M KaCI 
5ml 0^4rT3»BHttttbfc. *ttftltt»t> 
U -£<D±^lC30%CDPEG6000 ft 1/2 ^fiitlA, 0 — 
4 < CT-«(12P#0J) ttKU S«aM>Lfc«TNE 

{fcx? 1 v ASi£2r 300-5O0mg/ml JQ A S/— a— ? 




(5) 4$Kpp4- 2 113 7 9 

. 5 

^T? cccDNA*KOfflL,*fiSfD>f V^nlfA7A3- 

pNHJ10H<hf&£L*i. 9.4kb DNAIffrO^tt 

pNHJ20L)£ifc£Lfco 

[00203 cw»m»^7X5 Hft, mmmrn eco 

R I , BamH I , Pst I , Sac I mS Sal I ^£fflV>T3J»r 

10 (7) i&gffijljoifcg : 

pNHJIOH ©J»*a*©DNAWflVa)i:0«»KB«ae 
Wtt«LTV*3*>ftXS<6) -CMbfc^ES^S 

#ft$flKSIiii Pst I t Sal I (pNHJ20L EcoR 
I £SacI) KTfflDI8»% 6.0Kb 0>»fi*1.97Kb (pNH 
J20L 0«-&H9.4Kb £1.73Kb) ihbfc, -e-LTHCOfi* 
6nfcDNAKfr©^«XE3»JftM13^7--^^^- 
ftffll'^l^^^f— ffi Sanger, F. Science 214, 1205-121 

0 (1981) \Z£K>&feVrz. t<D^^ Zi<DmW&%;<D 
20 DNA«H-a>SSEJBttE?9#^14(pNHJ20L«)t|'&»±E 

[0 0 2 1] ^CD^Sfi^S^ffl^n^T^y 

aT*It#«B*n, ElCODNAISim'a, J31t^x 
n y h Ifif ^?Et ^) ^ t ^ ^ t ^ ^ 

(8) »«te*#ft«^fc^hu^t h^^— «4at= 

TGl/pNHJIOH ^5j:mGl/pNHJ20L »ft-en-?tl2xYT (50 
ug/mlT>H->U >^T) iSS6l0mHcitaL30 , C7r— ft 
5^? (12^H) ig^U ^OS5l^/ft2xYT(50 ug/mlT>^ 
->U>» 0.1g/l CoCh -6E20^W) VMlltal IC 1 X AJK 
iU 30 < C-C4Pf^SIL, £tl\zmWkm& 

«ki5iciPTGft«lniu ^ic30 c c-t?io^p^Sb^ m» 

ft, ^<O«**0-lMU>K«««t<pH 7.5)5mUCjB« 
L, 5 »nfl«KflaeJ:D 

(12.000G 30^) Lfco H6ftfcJ:»«. 50mMU>»* 
AS«a£(pH7.5) *3cfe«6niM^>\/-hU;Pft^ 
»"r*Sa^i« (12ml) ^20^, 30#Kfc^ 0.2ml 1MHC 

1 **JBLTSlSftil:a&&. &*, »it»il/T, ± 
47 BH^Sfelft^tC«^T, E.coli TGm<Dfr&81\,>Tmm 

KSiS^^n^ h^^7-f — ftfflV>T*UU&. ^co^ 
1f£E.coli TGl»T-(i^>XT^ H^Ttfe^ 
o&3S«» ^SKlftfrTGl/pNHJlOH *3i:r/TGl/pNHJ20L ft 
tftt, -C-n-tn. 1.75X10" 3 :fe£tf6. 99X10" s units/m 

[0022] ce:^ unittt^> v /^h^;>^e>^>X 
50 [0 0 23] 
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(6) &RI¥4-2 1 1 3 7 9 

9 10 
[3£i£tf>3am] *589Ifc:J:D, DH3«^^ d^p *(l) EJOS^: 1 
OX J - 1 McOj*t5lJ-^— y h oi'&XS^-yn.-v h (0 SE^Jcog^ : 203 

*"T*2SBH(J!>*U^3 t K&3— Kt-SDNAEW (iii) h#D>?- : 
«6*l:Snft. *LT. t©DNAS*0^9X5H (iv) Un<DW£ki *?9<1 \* 
T?»«««Sn«:*fME*#**ffia*n*:. £LfclC<fc (v) jgig 

»*rt**«*flE*K:JtLTJIHl«tii* (b) *« : 1-1 (FERM BP-1478) 

(vi) 

[0 0 2 4] i0 

QB3I&] * (a) m<omm : a < « > — y h 

(vii) BM: 

5 10 15 

MetSerGlufl) sVal AsnLysTyrThrGloTyrGluAiaArgThr 

20 25 30 

LysAlalleGl uThrLeuLe uTy rG 1 uArgG 1 yLeu 1 1 eThrP ro 

35 10 45 

Al aAl aVa 1 AspArgVa 1 Va I Se rTy rTyrG I oAsnG I u 1 1 eG I y 

SO 55 60 

ProMetGlyGlyAlaLysValValAlaLysSerTrpValAspPro 

65 70 T5 

GluTyrArgLysTrpLeuGluGluAspAlaThrAlaAlaMetAla 

90 65 60 

SerLeuGlyTyrAlaGlyGluGliLMaHisGlnlleSerAlaVal 

9 5 1 0 0 J OS 

PheAsnAspSe rG I nThrH i sHi s Va 1 Val Va 1 CysThrLeuCys 

110 115 120 

SerCysTyrProTrpProValLeuGlyLeuProProAlaTrpTyr 

125 130 135 

Ly sS e rMetGl uTyr ArgS e r ArgVa 1 V a 1 Al aAspP roArgG 1 y 

1 4 D 14 5 150 

Val Lb uLys ArgAspPheG 1 yPheAsp IlePr o AspG luValGlu 

155 160 165 

Va 1 ArgVa 1 TrpAspSe rSerSerGluIl e ArgTyr I leVallle 

17 0 17 5 18 0 

ProGluArgProAlaGlyThrAspGlyTrpSerGluGluGluLeu 

1 SS 190 195 

ThrLy sLeuVa 1 SerArgAspSerMe tl leGlyVal SerAsnAl a 

2O0 

LeuThrProGlnGluVallleVal 

[0025] (v) mm 

(2) 6ri?iJ#^ : 2 (a) : n F=3y*X • d F^n^x 

(i) E^I^S^ : 229 (b) : J-l (FERM BP- 1478) 

(iii) hstfnv— : mm* (a) <fi£)fg?g : 0 f "> -t^y h 

(iv) UftnmM: *tf9-i K 

(vii) BB^J: 

5 10 IS 

MetAspGlylleHisAspThrGlyGlyMetThrGlyTyrGlyPro 

20 25 30 
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11 



(7) 



ValProTyrGloLysAspGluProPhePheHisTyrGluTrpGlu 

35 4 0 45 

G 1 yArgTh r Le uSe r 1 1 eLeuTb r T rpMe t Si sLeuLysG I y 1 1 e 

5 9 5 5 6 0 

SerTrpTrpAspLysSe rArgPhePlieArgG 1 uSerMe I G I yAso 

65 70 75 

GluAsDTyrValAsnGluIleArg.^snSerTyrTyrThrHisTrp 

BO R 5 9 0 

LeuSe rAl aAl aGl uArgl I eLeuVa 1 Al aAspLys I lei 1 eThr 

9 5 10 0 105 

G 1 uG 1 uG 1 uArgLys Hi sArgVa 1 GlnGlul leLeuGluGl yArg 

110 IIS 1 20 

Ty rTh rAspArgLys ProSe rArgLysPheAspP roA 1 aG 1 nl 1 e 

12 5 13 0 135 

GluLysAlalleGIuArgLeuHisGluProEisSerLeuAlaLeu 

1*0 145 150 

ProGlyAlaGlaProSerPheSerLeuGlyAspLysIleLysVal 

155 160 165 

Ly sSe rMe t As nP roLeuG lyHisTh r ArgCysP roLysTy rVa 1 

17 0 17 5 18 0 

ArgAsiiLys IleGlyGluI leValAl aTyrHi sG lyCysGlnl 1 e 

18 5 190 195 

Ty rP r oG 1 o Se rSe rSe r A I aG 1 yLeuG 1 yAs pAspP roArgP ro 

9 an 2 o s no 

LeuTy r Thr Va 1 Al aPheSe rA laGlnGl uLeuTrpG 1 yAspAsp 

215 220 225 

G I yAs nG 1 yLy s Asp Va 1 Va 1 Cy s Va lAspLe oTrpG 1 uPr oTy r 



4$K1¥4- 2 113 7 9 



12 



LeuIleSerAla 

[0 0 2 6] 

(3) EHI*4» : 3 

(i) SS^JcOg^ : 207 

(ii) : T57S 

(iii) htfuy- :WUSWt 

(iv) fflM<OWM. : ^rf9-i H 

(vio mm : 



30 



(v) &8 

(a) : nH^y^ • nH^n^x 

Cb) : J-l (FERM BP-1478) 

(vi) mmv&m 

(a) momm : a (L) -^^L-y h 



1 0 



1 5 



Me t ThrAl aHi sAsnPr oVa I G 1 nGl yThrLeuProArgSe rAsn 



20 



2 5 



3 0 



GluGluIleAlaAlaArgValLysAlaMetGluAlalleLeuVal 

3 5 4 0 4 5 

AspLysGlyLeuIleSerThrAspAlalleAspHisMelSerSer 

5 0 9 5 6 0 

ValTyrGiuAsnGluValGlyProGlnLeuGIyAlaLysIleVal 

6 5 7 0 T 5 

Al aArgAl aTrpVa 1 AspProG 1 uPheLysG I nArgLeuLeuThr 

80 85 90 

AspA 1 aTh r Se r Al aCy s ArgG 1 uMe t G 1 yVa 1 G I yG 1 yMe t G 1 n 

95 100 105 

GlyGluGl uMe t Va 1 Va lLeuG 1 uAsnThrG 1 yThr Va 1 H 1 sAsd 
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13 



(8) 



no its 12a 

MetValValCysTbrLeuCysSerCysTyrProTrpProValLeu 

12S 130 ! 35 

Gl yLeuProProAsnTrpTyrLysTyrProAl aTyrArgAl aArg 
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14 



1 1 o 



1 < s 



1 50 



A I aVa 1 ArgAspP roArgG I yVa 1 LeuA 1 aG 1 uPheG 1 yTy rThr 

1 S 5 160 16 5 

ProAspProAspValGluIleArglleTrpAspSerSerAlaGlu 

17 3 175 180 

LeuArgTyr TrpVa 1 LeuP r oG 1 nArgP roAl aG 1 yThrG 1 uAsn 



1 8 5 



1 90 



I 05 



PbeTb rG 1 nG 1 uG 1 nLeuA I aAspLeuVa 1 Th r ArgAspSe rLeu 

200 205 



lleGiyValSerValProThrTbrProSerLysAla 



[0 0 2 7] 

(4) mmmn : 4 

(0 SS*JO>fi2 : 226 

<ii) m&xom-.T^/m 

(iii) M*a$*-:i«Mft 

(iv) 63^ffiM:^^^H 

(vii) E#J: 



(v) m 

(a) : D F3yW • D K^D^X 

(b) W& : J-l (FERM BP-1478) 

(vi) sea^cD^a 

(a) m<Dffim : 3 (L> — h 



20 



1 0 



1 5 



Me t AspG 1 y 1 1 efii s AspLeuG 1 yG I yArgAl aG 1 yLeuG 1 yP ro 



an' 



2 5 



3 0 



IleLysProGluSerAspGluProValPheEisSerAspTrpGlu 
35 10 45 

ArgSerVa 1 LeuTbrMe tPheProAl aMe t Al aLeuAl aGl yAI a 

50 55 60 

PheAsnLeuAspGlnPheArgGlyAlaMetGluGlnlleProPro 



65 



70 



T5 



HisAspTyrLeuThrSerGlnTyrTyrGluEisTrpMetHisAla 

SO ft 5 90 

Metl leHisHlsGIyl leGluAlaGlyll ePhe AspSe r AspG 1 u 

95 100 105 

LeuAspArgArgThrGl nTy rTyrMe t AspHi sProAspAspTbr 

110 115 120 

ThrProThrArgGlnAspProGlnLeuValGluThrlleSerGln 

125 130 135 

LeuIleThrHisGlyAlaAspTyrArgArgProThrAspTbrGlu 

14 0 1 A 5 ISO 

AlaAl aPhe Al aValGl yAspLys Va UleVal ArgSe rAspAl a 

155 160 105 

SerP r oAsnThrHi sThrArgArgAl aG lyTyrVal ArgG 1 yArg 

17 0 175 180 

ValGlyGluValValAl aThrHi sG 1 yAI aTyr Va 1 PhePr oAsp 

18 5 190 195 

ThrAsnAlaLeuGiyAlaGlyGIuSerProGloHisLeuTyrThr 

200 205 210 

Va 1 ArgPheSe r A 1 aThrG I uLeuT rpG 1 yG 1 uProA 1 aA I aP ro 



2 1 5 



220 



225 
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(9) 1 137 9 

15 16 
AsnValValAsoHisI JeAspValPlieGluProTyrLeuLeuPro 



Ala 



[0 0 2 8] 

(5) Se^JS^ : 5 

(i) iH?y<Og* :609 

(ii) IB^10>1!:&& 

(iii) m<08c:-*m 

(iv) h#ns^-:Bt«K 

(viiOEJd 



*(v) SE3?fla>a*g: GenomicDNA 

(iv) mm 

(a) ±«f« :DHay*X • p^d«)7 

(b) : J-l (FERM BP-1478) 

(vio mM<D&m 

(a) m<Dffim : -^zi-y h 



J 5 



30 



4 5 



GTGAGCGAGCACGTCMTMGTAGACGGAGTACGAGGCACGTACC 



6 0 



7 S 



00 



M(XC^TCGAMCCTTGCTGTACGAGC(^{^CTCATCACGCCC 



] 05 



I 20 



1 35 



GCCGCGGTCGACCGAGTOGTTTCGTACTACGAGAACGAGATCGGC 



1 50 



1 65 



1 80 



CCGATGGGCGGTGCCAAGGTCGTGGCCAAGTCCTGGGTGGACCCT 



I 95 



2 I 0 



225 



GAGTACCGCAAGTGGCTCGAAGAGGACGCGACGGCCGCGATGGCG 

24 0 255 2TO 

TCATTGGGCTATGCCGGTGAGCAGGCACACCAAATTTCGGCGGTC 



2 9 5 



3 00 



3 1 5 



TTCWCGACTCCCAAACGCATCACGTGGTGGTGTGCACTCTGTGT 

3 3 0 3 4 5 360 

TCGTGCTATCCGTGGCCGGTGCTTGGTCTCCCGCCCGCCTGGTAC 

375 390 405 

AAGAGCATGGAGTACCGGTCCCGAGTGGTAGCGGACCCTCGTGGA 

4 20 4 35 450 

GTGCTCAAGCGCGATTTCGGTTTCGACATCCCCGATGAGGTGGAG 

465 490 495 

GTCAGGGTTTGGGACAGCAGCTCCGAMTCCGCTACATCGTCATC 

510 525 540 

CCGGAACGGCCGGCCGGCACCGACGGTTGGTCCGAGGAGGAGCTG 



5 5 5 



5 7 0 



5 95 



ACGMGCTGGTGAGCCGGGACTCGATGATCGGTGTCAGTAATGCG 



6 00 



[0 0 2 9] 

(6) m&mn : e 

(i) Ea»J<0fiS : 687 

(no mo&:-*m 



CTCACACCGCAGGAAGTGATCGTA 



40 



(iv) h#ny- 

(v) gH^joomm 



mm 

GenomicDN A 
(viii)&#! : 



(vi) &m 

(a) : d Hn^^rx • P K^n^x 

(b) : J-l (FERM BP-1478) 

(vii) stmvftm 

(a) fl6<Z>ti¥ffi: j3 ( »> -D-73--y h 



1 5 



30 



4 5 



ATGGATGGTATCCACGACACAGGCGGCATGACCGGATACGGACCG 



6 0 



7 5 90 

GTCCCCTATCAGAAGGACGAGCCCTTCTTCCACTACGAGTGGGAG 
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(10) 



#g8¥4-2 113 7 9 



17 



105 120 155 

GGTCGGACCCTGTCMTTCTGACTTGGATGCATCTCAAGGGCATA 

1 S 0 16 5 180 

TCGTGGTGG6ACAAGTCGCGGTTCTTCCGGGAGTCGATGGGGAAC 

19 5 2 10 2 25 

GAAAACTACGTCAACGAGATTCGCAACTCGTACTACACCCACTGG 

240 2 S S 2T0 

CTGAGTGCGGCAGAACGTATCCTCGTCGCCGACAAGATCATCACC 

2S5 300 315 

GMGMGAGCGAAAGCACCGTGTGCAAGAGATCCTTGA15GGTCGG 

333 345 3CO 

TACACGGACAGGAAGCCGTCGCGGL^AGTTCGATCCGGCCCAGATC 

375 390 40S 

GAGAAGGCGATCGAACGGCTTCACGAGCCCCACrCCCTAGCGCTT 

420 4 3 S 450 

CCAGGAGCGGAGCCGAGTTTCTCTCTCGGTGACAAGATCAAAGTG 

465 480 405 

MGAGTATGAACCCGCTGGGACAC^CACGGTGCCCGAAATATGTG 

5 10 525 .540 

CGGAACAAGATCGGGGAAATCGTCGCCTACCACGGCTGCCAGATC 

S55 570 S8S 

TATCCCGAGAGCAGCTCCGCCGGCCTCGGCGACGATCCTCGCCCG 



600 



6 I 5 



630 



CTCTACACGGTCGCGTTTTCCGCCCAGGAACTGTGGGGCGACGAC 

645 660 6TS 

GGAAACGGGAAAGACGTAGTGTGCGTCGATCTCTGGGAACCGTAC 



18 



CTGATCTCTGCG 

[0 0 3 0] 

(7) m^mn : i 

(i) E^jcofi^ : 621 

(H) wm<jym\Wk 

(Hi) m<D8L:-*m 

(iv) h*n>?-:iM 

(v) EJWXIS: GenomicDNA 

(viii)ffi^J: 



30 



(vi) &m 

(a) : D Fnyjjx • n F£n#x 

(b) : J-l (FERM BP-1478) 

(vii> mnv&m 



(a) facnmm : a 



( I ) 



1 5 



30 



45 



ATGACCGCCCACAATCCCGTCCAGGGCACGTTGCCACGATCGA.\C 

63 7 5 9 0 

GAGGAGATCGCCGCACGCGTGAAGGCCATGGAGGCCATCCTCGTC 

10 5 120 135 

GACAAGGGCCTGATCTCCACCGACGCCATCGACCACATGTCCTCG 

ISO 165 180 

GTCTACGAGAACGAGGTCGGTCCTCAACTCGGCGCCAAGATCGTC 



1 9 5 



2 I 0 



225 



GCCCGCGCCTGGGTCGATCCCGAGTTCAAGCAGCGCCTGCTCACC 

240 255 270 

GACGCCACCAGCGCCTGCCGTGAAATGGGCGTCGGCGGCATGCAG 

285 300 315 

GGCGMGAAATGGTCGTGCTGGA^CACCGGCACGGTCCACA.^ 
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(11) #B8¥4 - 2 1 1 3 7 9 

19 20 

330 3 4 5 360 

ATGGTCGTATGTACCTTGTGCTCGTGCTATCCGTGGCCGGTTCTC 

375 390 405 

ggcct(x:cacccmctggtag^gtaccccgcctaccgc(xxx:gc 

4 2 D 135 450 

, aTGTCCGC(^CCCCCGAGGTGTGCT(^CCGAATTC(»ATATACC 

465 480 495 

CCCGA(XCTGACGTCGAGATCCGGATATGGGACT(X1AGTGCCGM 

r 

5 1 0 525 540 

CnCGCTACT<H£TCCTG(m^ 

555 570 585 

TTCACCGAAGAACAACTCGCCGACCTCG TCACCCGCGACTCGCTC 

600 6 15 

ATCGGCGTATCCGTCCCCACQaCCCAGCAAGGCC 

[0 0 3 1] (vi) &m 
(8) BS^J#^ : 8 

<i) EWO&S : 678 (a) : nKnty** - o K^D^X 

(ii) B&MDM : m& (b) : J-l (FERM BP-1478) 
(i i i) m<oWL : — (vi i) Kftltt&a 

(iv) h#P^- : dCfett 30 (a) te©ti??8 : 0< L > — frr/n.-*/ h 

(v) E9V0>8M: GenomicDNA 

(vill)En: 

1 5 30 4 5 

ATGGATGGAATCCACGACCTCGGTGGCCGCGCCGGCCTGGGTCCG 

60 75 90 

ATCAAGCCCGAATCCGATGAACCTGTTTTCCATTCCGATTGGGAG 

105 120 135 

CGGTCGGTTTTGACGATGTTCCCGGCGATGGCGCTGGCCGGCGCG 

159 165 180 

TTCAATCTCGACCAGTTCCGGGGCGCGATGGAGCAGATCCCCCCG 

19 5 2 10 22 5 

CACGACTACCTGACCTCGCAATACTACGAGCACTGGATGCACGCG 

240 255 2T0 

ATGATCCACCACGGCATCGAGGCGGGCATCTTCGATTCCGACGAA 

2 9 5 300 315 

CTCGACCGCCGCACCCAGTACTACATGGACCATCCGGACGACACG 

339 . 345 360 

ACCCCCACGCGGCAGGATCCGCA^CTGGTGGAGACGATCTCGCA\ 

375 390 405 

CTGATCACCCACGGAGCCGATTACCGACGCCCGACCGACACCGAG 

42 9 435 450 

GCCGCATTCGCCGTAGGCGACAA^GTCATCGTGCGGTCGGACGCC 

4B5 480 495 

TCACCGAACACCCACACCCGCCGCGCCGGATACGTCCGCGGTCGT 

519 525 S40 

GTCGGCGAAGTCGTGGCGACCCACGGCGCGTATGTCTTTCCGGAC 

555 570 585 

ACCAACGCACTCGGCGCCGGCGA^AGCCCCGAACACCTGTACACC 

609 6 15 630 

GTGCGGTTCTCGGCGACCGAGTTGTGGGGTGAACCTGCCGCCCCG 
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(12) #RI¥4 - 2 1 1 3 7 9 

21 '22 

615 660 6T5 

AACGTCGTCAATCACATCGACGTGTTCGMCCGTATCTGCTACCG 



GCC 

[0 0 3 2] *(v) jgj 

(9) SHMS^ : 9 (a) : n vf)7s - P P'>X 
(i) lE^JCOg^ : 26 (b) : J-l (FERM BP-1478) 

(n) mmom-.T^jm (vo BEjao^a 

(iii) htfPv*- : (a) 4&<Z>fi?38 : a < H > -V^-yhion 1 ^ 

(iv) E^jC0ttS:^^-fH *I0 

(vio mm: 

5 10 IS 

Se r-G 1 u-H i s-Va 1 -Asn-Ly s-Ty r-Th r-G I u-Ty r-G 1 u-A I a-Arg-Th r-Lys 

20 2 5 

Al a- 1 1 e-G 1 u-Thr-Leu-Leu-Tyr-Gl u-Arg-G 1 y~Leu 

[0 0 3 3] ^(v) ism 

(10) K?»J#^:10 

(i) @S3*Jtf>&* : 28 (a) ±Vs& : u - d n»>x 

(i i) @H^J(7>^ :7^yS (b) : J-l (FERM BP-1478) 

(iii) h#n^-:il[gH£ 20 (vi) WMV>mWL 

(iv) SB^JCD^: F (a) *&<Dfi??8 : /8< H> -U-^rL--v h : j3 1 c 3 5 

(vii) EJO: 

5 ] 0 IS 

Met-Asp-Gly-Ile-His-Asp-Thr^Gly-GIy-Met-Thr-Gly-Tyr-Gly-Pro 

2 0- 25 

Ya 1 -P r o-Tyr-G I n-Lys-Asp-G 1 u-Pr o-Phe-Phe-H i s-Tyr-G I u 

[0 0 3 4] ★(v) mm 
(id m*mn : n 

(i) IH?iJ£>&* : 15 . (a) : n Hn^^x - n F^n^x 

(11) S2^J^>^ : 30 (b) : J-l (FERM BP-1478) 

(iii) F#a^~ : (vi) mwvftm 



c : ) 



(iv) &m<DWM : -^^-f F ★ (a) AficDfi?f8 : a (Li -*3r?3^Zy F : Qfi 

(vii) EH: 

5 10 15 

Th r- A 1 a-H i s- As n-Pr o- V a 1 -G I n-G 1 y-Th r-Le u-P r o- Arg-?- As n-G I u 
[0 0 3 5] *( V ) &m 

(12) IH^JS^ : 12 

(i) B2^Jtf>g£ : 19 (a) ±ft€ : DH3^^x * aH^nW 

(ii) m&KDm :T$sm (b) tfcg : J-l (FERM BP-1478) 
(ilI)>#P5*-:iK«tt <ft7 (vi) BB?iJCD#® 

(iv) SB^JcoaS: ^*-f F IV (a) fa(Dffim : 0 (L> h : 0i ( -> 

(vii) firf?U: 

S 10 15 

Me t-Asp-Gl y-1 1 e-H i s-Asp-Leu-GI y-Gl y-Arg-Al a-?-Leu-?-Pro 
Ile-Lys-Pro-GIu 

[0 0 3 6) (ill) "«©»:-*«[ 

(13) SH3?»J#^:13 (iv) F*n>?~- : jtgttt 

(i) ga^Jcog^ : 2070 (v) BB^coSS : GenomicDNA 

(ii) mm<DM:im. 50 (vi) 
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• 




(13) 



&mW4-2 113 7 9 



23 

(a) ±$Jfi : DH3 7*X sp 

(b) : N-774 (PERM BP- 1936) 
(vii) Efttttttt 

(viii)E^): 

SphI 



24 



No. 675— 1295 : h a 

No. 1225 -I960 : If^iLn-/ h £ 



GCATGCTTTCCACATCTGGMCGTGATCGCCACGGACGGTGGTG 



. sc 



CCTACCAGATGTTGGACGGCAACGC^TACGGCATGAACGCCGAAG 



ICO 



GTTTGTACXSATCCGGAACTGATGGC^CACTTTGCTTCTCGACXJCA 



] 5 0 



TTCAGCACGCCGACGCTCTGTCCGAAACCGTCAAACTGGTGGCCC 



200 



TGACCGGCCACCACGGCATCACCACCCTCGGCGGCGCGAGCTACG 



25 0 



GCAAAGCCCGGMCCTCGTACCGCTTGCCCGCGCCGCCTACGACA 



.3 00 



CTGCCTIGAGACAATTCGACGT(XTGGTGATGCCAACGCTGCCCT 



3 5 0 



ACGTCGCATCCGAATTGCCGGCGAAGGACGTAGATCGTGCAACCT 



400 



TCATCACCAAGGCTCTCGGGATGATCGCCAACACGGCACCATTCG 



ACGTGACCGGACATCCGTCCCTGTCCGTTCCGGCCGGCCTGGTGA 



4 SO 



ACGGGGTTCCGGTCGGAATGATGATC^CCGGCAGACACTTCGACG 

.500 Hindu I 

ATGCGACAGTCCTTCGTGTCGGACGCGCATTCGAAAAGCTTCGCG 



550 



GCCGGTTTCCGACGCCGGCCGAACGCGCCTCCAACTCTGCACCAC 



coo 



AACTCAGCCCCGCCTAGTCCTGACGCACTGTCAGACAACAAATTC 



.650 

CACCGATTCACACATGATCAGCCCACATAAGAAAAGGTGAACCAG 

.70 0 

ATGTOIGTAACGATCGACCACACAACGGAGAACGCCGCACCGGCC 
MetSerValThrlleAspHisThrTlirGluAsDAlaAlaProAla 

Subunita .750 
CAOXG(XXXTCTCCGACCa^GTGGGCACTGTTCCGCGCACTC 
GInAIaAlaValSerAspArgAlaTrpAlaLeuPbeArgAlaLeu 

KpD I . HO 

GACGGTAAGGGATTGGTACCCGACGGTTACGTCGAGGGATGGAAG 
AspG I yLy s GlyLeuValProAspGl yTy r Va lGluGl yTr pLy s 

. a so 

AAGACCTCCGAGGAGGACTTCAGTCC^AGGCGCGGAGCGGAATTG 
LysTbrSerGloGluAspPheSerProArgArgGIyAlaGluLeu 

Pvull 

GTAGCGCGCGCATGGACCGACCCCa^GTTCCGGCAGCTGCTTCTC 
ValAla-^rgAlaTrpThrAspProGluPbeArgGlDLeuLeuLeu 
. 9oo Kpn I 
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(14) 

25 

ACC^CHJTACCGCCtm 

Th r AspG 1 yTh r A 1 aAl aVa 1 A I aG 1 nTyr G 1 yTyrLe uG 1 yP r o 

.950 

CAGGCGGCCTACATCGTGGCAGTCGAAGACACCCCGACACTCAAG 
GlaAlaAl aTyr 1 1 e Va I A 1 aVa I G 1 uAspThrP roThrLeuLys 

. io co 

mcgtgatcgtgtgctco:tgtcttcat(x:accgcgtggcccatc 

As nVa 1 1 1 eVa 1 CysSe rLeuCy s Se rCys Thr A ! aTr pPr o 1 1 e 

.10 50 

CTCOrrCTGCCaCCCACCT^ 

LeuG I yL euPr oP roThrTrpTyrLysSerPh eG l uTyrArgAl a 

. ) 1 0 0 

CGCGTGGTCCGCGAACCACGGAAGGTTCTCTCCGAGATGGGAACC 
ArgValValArgGluProArgLysValLeuSerGluMetGlyThr 

.1150 

GAGATCGCGTCGGACATCGAGATTCGCGTCTACGACACCACCGCC 
G3ul leAlaSerAspI leGluI I eArgVa 1 TyrAspTh r Th r A 1 a 

.1200 

GAAACTCGCTACATGGTCCTCCCGCAGCGTCCCGCCGGCACCGAA 
Gl uThr ArgTyrMe t Va 1 LeuProG 1 nArgPr oAI aGl yThrGl u 

PSI I . 12 50 

GGCTGGAGCCAGGAACAACTGCAGG-^AATCGTCACCAAGGACTGC 
GlyTrpSerGlnGluGl nLeuG InGluIleVal Thr Ly s AspCy s 

. 1300 

CTGATCGGGGTTGCAATCCCGCAGGTTCCCACCGTCTGATCACCC 
LeuIIeGlyVaJAlalleProGlnValProThrValTRM 

CGACAAGAAGGAAGCACACC-ATGGATGGAGTACACGATCTTGCC 

Met AspG lyVa lflisAspLeuAl a 
Subunit/3 

.13 5 0 

GGAGTACAAGGCTTCGGCAAAGTCCCGCATACCGTCAACGCCGAC 
GlyValGlnGlyPheGlyLysVaiProHisThrValAsnAlaAsp 

. 1400 

ATCGGCCCCACCTTTCACGCCGAATGGGAACACCTGCCCTACAGC 
IleGIyProThrPheHisAlaGIuTrpGluHisLeuProTyrSer 
.i45o . Sal I 

CTGATGTTCGCCGGTGTCGCCGAACTCGGGGCCTTCAGCGTCGAC 
LeuMetPheAlaGlyVaiAlaGluLeuGlyAlaPheSerValAsp 

.15 00 

GAAGTGCGATACGTCGTCGAGCGGATGGAGCCGGGCCACTACATG 
GluValArgTyrValValGluArgMetGluProGIyHisTyrMet 

.3550 

ATGACCCCGTACTACGAGAGGTACGTCATCGGTGTCGCGACATTG 
Me tThrP roTyr TyrG 1 uArgTyrVa 1 1 leGlyVal Al aThrLeu 

.1600 

ATGGTCGAAAAGGGAATCCTGACGC^GGACGAACTCGAAAGCCTT 
Me t Va 1 Gl uLysG 1 y 1 1 eLeuTh rG 1 nAspG 1 uLeuGl uSerLeu 

.1650 

GCGGGGGG.ACCGTTCCCACTGTCACGGCCCAGCGAATCCGAAGGG 
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(15) 



AlaGlyGl^roPheProLeuSerArgProSerGluSerCIuGly 

.17 00 

CGGCC(K^CCCGTCGAGA(XACCACCTTC(^TC(mA(m 
ArgP roAlaProValGl uThrTh rTh rPheG 1 cValGly€I oArg 

.1750 

GTACGCGTACGCGACGAGTACGTTCCGGGGCATATTCGAATGCCT 
Va 1 ArgVa 1 ArgAspGl uTy rVa lProGIyHisII eArgMe IP ro 



GCATACTGCCGTGGACGAGTGGGAACCATCTCTCATCGAACTACC 
AlaTyrCysArgGlyArgValGlyTlirlleSerHisArgThrThr 

.1800. 

M(^GTG(£CGTTTCCCGAaX^^ 

G 1 uLy s TrpPr oPheProAspA lalleGlyHisGl yArgAs aA sp 

. 1 8 50 . 

GC(XK5CGAAGAACCGACGTACCACGTGAAGTTCGCCGCCGAGGAA 
AlaGIyGluGluProThrTyrHisValLysPheAlaAlaGluGlu 

.ifioo . Sal I 

TTGTTCGGTAGCGACACCGACGGTGGAAGCGTCGTTGTCGACCTC 
LeuPheGl ySerAspThrAspG I yG 1 ySe rVa 1 Va 1 Va 1 AspLeu 

.18 50 

TTCGAGGGTTACCTCGAGCCTGCGGCCTGATCnCCAGCATTCCA 
PheGluGlyTyrLeuGluProAlaAlaTRM 

. 20 00 

GGCGGCGGTCACGCGATCACAGCGGTTCGTGCGACCGCCGCCTGA 

.2 05 0 

TCACCACGATTCACTCATTCGGAAGGACACTGGAAATCATGGTCG 
Sal I 
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[0 0 3 7] 

d4) mnmn : 14 

(1) S5?iJtf>g£ : 1970 
(ii) &m<DM:®m. 

(Hi) m<D&:-*m 

(v) &&\V>mM: GenomicDNA 

(viii)E^I: 



(vi) m 

(a) : D H^y^JX - D F^D^X 

30 (b) : J-l (FERM BP-1478) 

(vii) m*<D#m 

No. 408—1094 : ^ZL- yhj3<«> 
No. 1111 —1719 : y ha ,,n 



1 0 



2 0 



30 



4 0 



5 0 



6 0 



CT 



GCAGCTCGAACATCGAAGGGTGCGAGCCGAGAGATCGGAGACGCAGACACCCGGAGGG 

70 BO 90 10 0 110 120 

AACTTAGCCTCCCGGACCGATGCGTGTCCTGGCAACGCCTCAAAATTCAGTGCAAGCGAT 

ISO 110 150 150 170 180 

TCAATCTTGTTACTTCCAGAACCGAATCACGTCCCCGTAGTGTGCGGGGAGAGCGCCCGA 

1 90 200 210 220 230 240 

AC(XA{^ATGGTATCCATGCGCCCCTTCTCTTTTCGM(XiAGAACCGGCCGGTACAGCC 



* 250 260 270 2S0 290 300 

GACCCGGAGACACTGTGACGCCGTTCMCGL^TTGTTGTGCTGTGAAGGATTCACCCAAGC 
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(16) #B!¥4-2 1 1 3 7 9 

29 30 

3 10 320 330 310 350 330 

CMCTGATATC(£CATTCCGTT«^ 

370 2 8 0 S 6 0 430 4I0 420 

CAGCTt^(XCCTCTTTGAGCCCAGCTCCG.\TGAAAGGAATGAGGAAATGGATGGTATCC 

MetAspGlylleH 
Subunit 0< H) 

430 440 450 450 470 4*0 

AttACACAGGCGGCATGACCGGATACGGACCGGTCCCCTATCAGAAGGACGAGCCCTTCT 
isAspThrGlyGlyMetThrGlyTyrGlyProValProTyrGlnLysAspGluProPheP 

490 £00 510 520 530 540 

TCCACTACGAGTGGGAGGGTCGGACCCTGTCMTTCTGACTTGGATGCATCTCAAGGGCA 
hcHi sTyrGl uTrpG 1 uGI yArgThrLetiSer 1 1 eLeuThrTrpMe t H i sLeuLysG 1 yl 

550 560 S70 590 590 BOO 

TATCGTGGTGGGACMGTCGCGGTTCTTCCGGGAGTCGATGGGGMCGAAMCTACGTCA 
leSerTrpTrpAspLysSerArgPhePheArgGluSerMetGlyAsnGluAsnTyrValA 

610 €20 620 640 650 660 

ACGAGATTCGCAACTCGTACTACACCCACTGGCTGAGTGCGGCAGAACXjTATCCTCGTCG 
sdGI ul leArgAsoSerTyrTyrThrHi sTrpLeuSerAl aAl aGI uArgl 1 eLeuValA 

670 6 5 0 690 700 710 7 2 0 

(XGACMGATCATCACCGMGMGAGCGA.\AGCACCGTGrGCMGA€ATCCTTGAGGGTC 
1 a AspLy s 1 1 e 1 1 eThrGl uG 1 uG I uArgLysEi s ArgVa 1 G 1 nG I u 1 1 eLeuG 1 uG 1 yA 

730 740 750 750 770 7B0 

GGTACACGGACAGGAAGCCGTCGCGGAAGTTCGATCCGGCCCAGATCGAGMGGCGATCG 
rgTyrThrAspArgLysProSer ArgLysPheAspProAl aG lnlleGl uLysAl al 1 eG 

790 800 8 10 820 830 840 

AACGGCTTCACGAGCCCCACTCCCTAGCGCTTCCAGGAGCGGAGCCGAGTTTCTCTCTCG 
luArgLeuHi sGl uProHi sSerLeuAI aLeuProGlyAI aGI uProSerPheSerLeuG 

850 660 870 8 90 890 800 

GTGACAAGATCAAAGTGAAGAGTATGAACCCGCTGGGACACACACGGTGCCCGAAATATG 
lyAspLysIleLysValLysSerMetAsiiProLeuGlyHisThrArgCysProLysTyrV 

910 ft 2 ft 930 940 950 960 

TGCGGAACAAGATCGGGGAAATCGTCGCCTACCACGGCTGCCAGATCTATCCCGAGAGCA 
alArgAsnLysIleGlyGluIleValAlaTyrHisGlyCysGlnlleTyrProGluSerS 

U70 b H o aso 10UD 1010 IDJtO 

GCTCCGCCGGCCTCGGCGACGATCCTCGCCCGCTCTACACGGTCGCGTTTTCCGCCCAGG 
erSerAlaGlyLeuGlyAspAspProArgProLcuTyrThrValAlaPheSerAlaGInG 

1030 1040 10SO 10SO 1070 1060 

AACTGTGGGGCGACGACGGAAACGGGAAAGACGTAGTGTGCGTCGATCTCTGGGAACCGT 
luLeuTrpGIyAspAspGlyAsnGlyLysAspValValCysValAspLeuTrpGluProT 

1090 1100 1110 1120 1130 114 0 

ACCT(^TCTCT(K:GTGAAAGGAATACGATAGTGAGCGAGCACGTCAATAAGTACACGGAG 
yrLeuIleSerAla MetSerGluHisValAsnLysTyrThrGlu 

Subunit a CH) 

1150 1160 1170 11S0 1190 12 0 0 

TACGAGGCACGTACCAAGGCGATCGAAACCTTGCTGTACGAGCGAGGGCTCATCACGCCC 
TyrGluAl2L4rgThrLysAlaIleGluTbrLeuLeuTyrGluArgGlyLeuIleThrPro 

1210 1220 11230 1240 1250 1260 

GCCGCGGTCGACCGAGTCGTTTCGTACTACGAGAACGAGATCGGCCCGATGGGCGGTGCC 

4 

AlaAlaValAspArgValValSerTyrTyrGluAsnGluIleGlyProMetGlyGlyAla 
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(17) - 2 1 1 3 7 9 

31 32 

1270 1 2 80 1 2 00 I 3 0 0 1 3 1 0 1 320 

MGGTCGTGGCCAAGTCCTGGGTGGACCCTGAGTACCGCMGTGGCT(XMGLAGG 
LysValValAlaLysSerTrpValAspProGluTyrArgLysTrpLeuGluGluAspAla 

1330 1*40 1350 1360 1370 I3R0 

ACGG(XXX£ATGGCGTCATTGGG(TATGCC(&^ 

ThrAlaAlaMetAIaSerLeuGlyTyrAlaGlyGlnGInAlaHisGlDlleSerAlaVal 

1300 1400 1410 1420 1430 I4«0 

nCMCGACTCCCAAACGCATCACGTGGTGGTGTGCACTCTGTGTTCGTGCTATCCGTGG 
PheAsnAspSerGlnThrHisHisValValValCysThrLenCysSerCysTyrProTrp 

1450 1460 1470 1490 1400 15 0 0 

(X^TGCnGGTCTCCCGC(XGCCTGGTACMGAGCATGGAGTACCGGTCCCGA 
ProValLeuGlyLenProProAlaTrpTyrLysSerMetGluTyrArgSerArgValVal 

1510 1520 1530 1S40 1S50 1560 

G(XGACOTCGTGGAGTGCTCMGCGCGATnCGGTnCGACATCCC(X5ATGAGGTGG^ 
AlaAspProArgGlyValLeuLysArgAspPheGlyPheAspIleProAspGluValGlu 

1 570 I5BO 1 5 30 1 6 0 0 1 6 1 0 .1 620 

CTCAfl^TOXaCAGCAGCTC^ 

Va I ArgVa 1 I rpAspSe rSerSe rG I u 1 1 eArgTy r 1 1 e Va 1 1 i ePr oG 1 uArgP roA 1 a 

1630 1640 1650 I6S0 1670 16B0 

GGCACXGACGGnGGTCCGAGGAGGAGCltLtf 
G 1 yThrAspG 1 yTrpSe rGIuGluGl uLeuTh rLysLeuVa 1 Ser ArgAspSe rMetlle . 

1690 1700 3710 1720 1730 1740 

GGTGTCAGTAATGCGCTCACACCGCAGGAAGTGATCGTATGAGTGAAGACACACTCACTG 
G I y Va 1 Se r A s dA 1 a Le uTh r P r oG 1 dG 1 uVa 1 1 1 e Va I 

1750 1760 1770 17S0 1790 1SO0 

ATCXJaTCCC(^GACTG(^ACCGCax;ACCGCCCCGCGACMT(«CGAGCTTGTATTCA 



j 



iftin i « ?. n 1 s 3 n ijmo i xko i * r o 

(XGAGCCTTGGGMGCMCGGCAnCXKGGTCGCCATCGC^ 

1870 I860 1690 1930 1910 1920 

ACGAATGGGAGTTCTTCCGACAGCGTCTC^TTCACTCCATCGCTGAGGCCAACGGTTGCG 



[0 0 3 8] 
(15) E?iJ#^ : 15 

(i) $m<D&Z : 1731 

(ii) m*\v>M'.m& 

(in) mcois:-*m 

(iv) h#n>?- : Slgtf 

(v) UWUnffiM: GenomicDNA 



1930 1940 1950 1960 1970 

AGGCATACTACGAGAGCTGGACAAAGGCGCTCGAGGCCAGCGTGGTCGAC 

(vi) 



1 0 



2 0 



(a) : n Hziy^x • o K^n^X 

(b) : J-l (FERM • BP) 

(vii) Kmmmk 

40 No. 171— 848 :^a-yf^ <l) 
No. 915—1535 : y ha <l) 

(viii) firi^O : 



30 



4 0 



50 



GO 



GAGCTCCCTGGAGCCACTCGCGCCGACGC^TCCACGCTCGGACAGCCCACGGTGCGGATC 



70 SO 90 100 110 120 

ACCCCTGTTCGTCGGTAACAGAACAGTAACATGTCATCAGGTCATGACGTGTTGACGCAT 

130 140 150 150 170 IRQ 

TAGACGL^GGGCACATAGGGTTGGTGACTCACGGCACAAGGAGAGCATTTCATGGATGGAA 
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(18) 1 1 3 7 9 

33 34 

MetAspGlyl 
SuboDit j3 tL) 

190 200 210 220 230 2«0 

TCCACGACCTCGGTGGCCGCGO^^ 

leHisAspLeuGlyGlyArgAlaGlyLeuGlyProIleLysProGluSerAspGluProV 

250 £C0 270 230 290 300 

TTTTCCVITCCGATTGGGAGCGGTO 

alPheHisSerAspTrpGluArgSerValLeuThrMetPlieProAlaMetAlaLeuAlaG 

310 320 320 3<0 SSO 360 

(XXXGHCMTCTCX^CCAGTTCCGGGGCGCGAT 

lyAlaPbeAsnLeuAspGlnPheArgGlyAlaMetGluGlnlleProProHisAspTyrL 

370 380 390 400 410 420 

TGACcrax^TACTACGAGCAcra^ 

euThrSerGI nTyrTyrGl uHi sTrpMe tHi sAI aMe til efii sHi sGlyl 1 eGl uAl aG 

430 440 450 4S0 470 4B0 

GCATCn(XL^TTCCGACGAACTCGACCGCCGCACCCAGTACTACATGGACC.^TCCGGACG 
I y 1 1 ePhe Asp Se r AspG 1 uLeuAspArgArgTb rG 1 nTyrTy rMe t AspH i sP r o As pA 

4 90 50 0 S 1 0 520 SSO 54 0 

ACACGACCCCCACGCGGCA(£ATCCG(^ 

spThrThrProTlirArgGlnAspProGlDLeuValGluThrlleSerGlnLeuIleThrH 

550 560 S70 SSO 590 600 

ACCmcaaiUCCGACGaCGAC^ 

isGlyAl aAspTyr ArgArgProThr AspTh rG 1 uAl aA 1 aPheA laValGl yAspLysV 

610 6 9 ft 630 640 650 660 

TCATCGTGCGGTCGGACGCCTCACCGAACACCCACACCCGCCGCGCCGGATACGTCCGCG 
a ! 1 1 e Va I ArgSe r AspA 1 aSe rPr oAsnTh rHi s Tbr Ar gArgA I aG 1 yTy r Va 1 Ar gG 

070 t 9 0 890 730 710 720 

GTC^TGTWKCGAAGTCGTGGCGACCCACGGCGCGTATGTCTTTCCGGACACCAACGCAC 
iyArgValGlyGUValValAlaThrHi sGlyAUTyrValPheProAspTbrAsiiAIaL 

730 740 7 50 730 770 7 BO 

TCGGCGC(X£CGAMGCCCCGMCACCTGM 

euGI yA 1 aGl yGl uSe rP roG I uHi sLeuTy rThrVal ArgPheSerAl aThrGl uLeuT 

790 £00 810 820 830 B A 0 

<mTCMCCT(mCCCCGMCGT^^ 

rpGlyGluPrDAlaAlaProAsnValValAsnHisIleAspValPheGluProTyrLeuL 

8S0 860 870 830 .8 90 SOD 

TACCGGCCTGACCAGGTCATCCGGTCCACCCAGCGAGACGTCCCTTCACCACAGACAGAA 
euProAla 

910 920 930 940 950 9D0 

ACGAGCCCACCCCGATGACCGCCCACAATCCCGTCCAGGGCACGTTGCCACGATCGAACG 

MetThrAlaHisAsnProValGlDGlyThrLeuProArgSerAsnG 
Subunit a ,L) 

970 SSO 990 1030 1010 102U 

AGGAGATCGCCGCACGCGTGAAGGCCATGGAGGCCATCCTCGTCGACAAGGGCCTGATCT 
luGluIIeAlaAlaArgValLysAlaMetGluAlalleLeuValAspLysGlyLeuIleS 

1 03 0 1 04 0 1 0 50 1 0 S0 ) 070 1 080 

CCACCGACGCCATCGACCACATGTCCTCGGTCTACGAGAACGAGGTCGGTCCTCAACTCG 
erThrAspAralleAspHisMetSerSerValTyrGluAsnGluValGlyProGlnLeuG 

1090 1100 1110 1120 1130 1140 

(KXmAGATCGTCGCC(mCCT<XX;^ 
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(19) 4#58^4- 2 113 7 9 

35 36 
lyAl aLys 1 1 eValAl aArgAlaTrpValAspProGluPheLysCI QArgLeuLeuThrA 

1150 1160 1 170 I1S0 V 1190 12D0 

AamttAGC^CTGCCGTCAAA^ 

spAlaThrSerAlaCysArgGluMelGlyValGI^bltfetGlDGIyGluGluMetValV 

1210 1220 1230 1240 1250 1260 

TGCTGGAAMCACCGGCACGGTCCACAAC^TGGTCGTATGTACCTTGTGCTCGTGCTATC 
alLeuGluAsnThrGlyThrValHisAsnMetValValCysThrLeuCysSerCysTyrP 

1270 12S0 1290 1300 1210 1320 

(ETGttCOTTCTCGGCCT^ 

roTrpProValLeuGlyLeuProProAsDTrpTyrLysTyrProAlaTyrArgAlaArgA 

1330 1340 1350 1360 1370 1360 

CTGTCCGCGACCCCCGAGGTGTGCTGGCCGMTTCGGATATACCCCCGACCCTGA(X3TCG 
laValArgAspProArgGiyValLeuAIaGluPbeGlyTyrThrProAspProAspValG 

1390 1400 1410 1420 1430 1140 

AGATCCGGATATGGGACTCGAGTGCCGAACTTCGCTACTGGGTCCTGCCGCAACGCCCAG 
lull eArgl 1 eTrpAspSerSerAl aGl uLeuArgT>TTrpValLeuProGloArgProA 

1450 1460 1470 143 0 1490 1500 

CCGGCACCGAGAACTTCACCGAAGAACAACTCGCCGACCTCGTCACCCGCGACTCGCTCA 
laGlyThrGluAsnPheThrGluGIuGlnLeuAlaAspLeuValThrArgAspSerLeuI 

1610 1520 1530 1510 1550 1560 

TCGGCETATCCGTCCCCACCACaCC^^ 

I eG 1 y Va 1 Se r Va lPr oTh rThrPr o Se rLys Al a 

1570 1590 1590 1600 1610 1620 

CCCCACCO&GTCTC^GCC^^ 

1630 1640 1650 1660 1670 1680 

(£MTCC(XCGCCGCTCC(^ 

1690 1700 17 10 1720 1730 

AGCATTGCCACCGCATTGCATGGCCAGGGCCGATTCGAATGGGACGAATTC 



imil KpNHJIOH mS PNHJ20LCD&1 
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(20) 



ftm¥-4 - 2 1 1 3 7 9 



[01] 



Sac! 



— BamKT 





Sad 



EcoRl 
EcoR[ 



— PstI 



PstI 



Sac I 



(51) lot. CI. 5 
C12R 

(C 1 2N 
C 1 2R 

(C12P 
C 1 2R 



1:01) 
1/21 

1:19) 
13/02 
1:19) 



F I 



(72) Kwm w\u m 
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